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NGHIEN CUU PHUONG PHAP XAC DINH URANI
TRONG CAT KET BANG ICP-MS

. DO QUOC HUNG', HOANG VAN DUNG',
NGUYEN MANH HUNG', DUONG bUC LAM', LE THI MAI HUONG?
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'Lién doan Pia chat Xa-Hiém;

Vien Cong ngh¢ Xa-1 liém

Tom tat: Vige xac dinh ham heong U dé danh gida gia tri cua quang la quan
trong. T ong cde phwong phap danh giG thi ICP-MS duwoc sic dung nhiéu nhét
de danh gia ham leong U do boi dg chink xac cao va nhanh, tuy nhién qua
trinh pha mau phu thude mt nhiéu vdo qua trink phin hiy mau. Hon hop ac id
dwoe s dung trong pha mau la H 2SOVHF/FNO;, trong dé c6 acid HF dé boe
bay silicat va silic. Poi voi quéing cat két Nong Son thi ty I¢ {6i wu clia hon
hop acid H:SO/HF/HNO; la (17174, tink theo thé tich), nhiét dé phan huy la
250°C va thoi gian phdn hiy la 2 gio sé thu dwgc hiéu qua cao nhat.

I. MO BAU

Viét Nam 13 mét quoc gia ¢é tiém nang
urani trung binh tén thé gigi. Cac tu
khoang urani dd dugc phat hién ¢6 ham
luong twong d6i nghéo. Riéng cde tu
khoéng urani trong cit két Nong Son ¢
ham luong urani dat ngudng trung binh
thip so véi cac tu khodng cung loai trén
thé giéi & mirc khoang 0,05-0,06% U;0s.
Tuy nhién, day la loai quang chira ham
lwgng urani cao va ¢é tiém nang khai théc
thuong mai tai nude ta [5, 11, 12]. Trong
cdc phuong phap xac dinh ham lugng U
trong quang, viéc xac dinh ham lugng U
bfmg phuong phap ICP-MS dugc sir dung
nhiéu hon ca so voi cac phuong phdp
khée nhu ICP-OES va triic quang, sic ky
long [1,2,4, 7, 8].

Hé thiét bi ICP-MS Agilent 7700x la
hé thiét bi phén tich ¢ tinh chon loc va
d9 nhay cao trong khoang ham lugng si¢u
vét, cho phép phén tich nhanh va truc tiép
cac dong vi trong dung dich hodc trong
mau rin sau khi miu dwgc phan huy
chuyén vao dung dich. No cho phép phan
tich hon 70 nguyén t§ tr Li-U véi do
nhay rit cao (giéi han phat hién thong

thuomg 1a ¢ ppt). Tuy c6 dé nhay cao
nhung nguon ICP lai 1a ngudn kich thich
phd rat 6n dinh, nén phép do ICP-MS c6
6 1ap lai cao vi sai s rat nho. Pho [CP-
MS it vach hon phé ICP-AES nén ¢6 dé
chon loc cao, anh huong cia thanh phz"m
nén (matrix effect) hau nhu it xuit hién,
hodc ¢6 thi ciing & mirc d6 nho va dé loai
trir. Ving tuyén tinh trong phép do ICP-
MS rdng hon hin cic ki thudt phén tich
khac. Ving tuyén tinh ciia phép do phd
ICP-MS ¢6 thé kéo dai tir 1-1.000.000
lan. ICP-MS con cho phép phan tich dong
vi, ty 1€ dong vi va pha lodng déng vi.

Két qua phan tich ham lugng cua U
trong quing cting phu thude rat nhiéu
vio cdch phd mau, dic tinh khoang vat di
kém clia mau ma chon lya phuong phap
phd mau phu hop [9, 10]. Quang cat két
chira urani viing Nong Son - Quang Nam
c6 ham lugng silic oxyt cao, ham hrgng
calei carbonat va magie carbonat tuong
dbi nho nén céc tac gia lya chon thuc
hién qua trinh phin huy mau bing
phuong phdp acid wvéi 03  acid
(H>SO4//HF/HNOs), Acid H,SO4 dé phan
hay cac khoang phosphat cé trong cac
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mau, HF duoc si dung dé phan hay cic
khodng vat silicat va SiO,, HNO; ¢6 kha
ning oxy héa manh lam ting kha ning
hoa tan U [6].

. HOA CHAT, THIET Bl VA THUC
NGHIEM

1. Héa chat

Acid flohidic HF 40%, acid nitric
HNO;: 65%, acid sulfuric H.SOs 98%,
(tinh khiét phan tich, Merk). Dung dich
chiit chuin ding cho ICP-MS: 1.000 pg/ml
U (M§). Mdu nghién ciru la miu chuin
quing urani MC-U2 ¢6 ham luong U la
0,0637 %.

2. Dung cy va thiét bi

Binh dinh muc dung tich 250 ml, binh
hit im @ 25 cm, cdn phén tich d§ chinh
xde 2.10° g, bat bach kim dung tich
100 ml, chén sir dung tich 30 ml, ¢dc thuy
tinh chiu nhigt dung tich 100 ml, 250 ml.

Hé thiét bi Agilent lCP-MS 7700x
(My), 16 nung cé dléu khnen nhlct do dén
1.000°C (Pirc), tu sdy c6 didu khién nhiét
dd dén 300°C (Pire).

3. Thwrc nghiém

Mau quing urani dem phén tich cé
knch thuée hat < 0,074 mm. Say kho cac
miu nghién ctru dén khéi lugng khong
déi & nhiét do 105-110°C trong 2 gidr. Liy
ra dé ngudi vé nhiét d6 phong trong binh
hat A&m. Cin 0,5 gam miu vao bat bach
kim cho hén hop acid HF/HNO3/H,S04
(cac acid sir dung déu duoe pha loang
trude vai nude cat theo ty € 1/1), dun so1
nhe trén bép dién & cic diéu kién nghién
ciru khéc nhau dén thoat hét khi, ldy mau
ra dé ngudi. Thém 15 ml HNO; (1+1) dun
s6i nhe 15 phit, sau dé lay miu ra dé
nguol Sau dé chuyén toan bd mau vao
coc 250 ml bang dung dlch HNO; 1%. Dé
dung dich cach dém roi loc qua gidy loc
bang xanh vao binh dinh mirc 250 ml ¢6
chira dung dich ban dau, rira gxay loc dén
hét mau vang, gidy loc va phan khong tan
bo di. Dimg nuGe cat dinh mic den vach
va lic déu, thu duge dung dich dé phan
tich trén ICP-MS.

Méy ICP-MS 7700x dugc van hanh
theo cac thong s6 nhu Bang 1.

Bang 1. Théng sé may ICP-MS 7700x dwgc sir dyng dé phan tich U

Théng sb may Gid trj
Céng suit cao tan (RF Power) 1550W
D§ siu miu (Smpl Depth) 8,0 mm
Khi mang (Carrier Gas) 1,05 L/min
Khi tgo plasma (Plasma gas) 15 L/min
Khi phy trg (Auxiliary gas) 0,9 L/min
Ap suét chan khong (khi do méu) 1.10*-2,10° Pa
Ap sufit chan khéng (khi & méy Standby) 1.10%- 6.10% Pa
Water RF/WCAF 48 vong/phiit
Téc 4§ bom miu 0,3 rps
Téc 4 bom nira 0,3 rps
Nhiét ¢§ nurée 1am mét 20°C
Nude lam mat 2,4 L/phat
Dang phd Full Quant (3)
Théi gian do cho 01 chi tiéu 0,09 gidy
$6 1an do lap 3 lan
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ll. KET QUA NGHIEN cUU
1. Xac dinh dwong chudn cua U

De nghién ciru va xdc dinh khodng
tuyén tinh khi phan tich U. duong chuan
cia U dugc xdy dung & cic cap nong do
sau (ppb): 0; 10; 25; 50; 125; 250; 500;
1.000; 2.000; 5.000; 10.000 tir dung dich
chuin 1.000 ug/ml U trong méi trudong

HNO; 2%. Tién hanh do trén may ICP-
MS Agilent 7700x véi cac diéu kién da
néu & Bang 1, Két qua chi ra nhu & Bang
2 va Hinh 1 cho thay dudmg chuan cua U
tuyén tinh trong khoang tr 10 ppb dén
10.000 ppb. Puéng chuan nay dugc sir
dung d¢ xic dinh U trong mdu nghién
cru.

Bang 2. Néng dd U chuén va két qua do trén may ICP
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2. Khao sat diéu kién phan hiy mau

a) Khao sat lugng acid cia qua trinh
phé miu

Mu cat két duge pha trong hdn hop
acid H;SO4/HF/IINO; (Béng 3), trong
d6 ham luwgng acid sulfuric thay doi
khéc nhau, trong khi do cac hegng acid
clia hon hop HE/HNQ; khong thay déi.
Hén hop 3 acid HzSOJHFfI INO; ¢co 02
acid la cic acid dé bay hoi, trong d6

HNO; c6 kha nang oxi héa manh,
nhung dé bi phan hiy trong méi truomg
c6 HzS04, do d6, trong nghién ciru nay
chi khéo sat lugng acid H,SO..

Bing 3 chi ra cho thdy khi nong d
acid HySO4 trén 10 ml thi higu suit
phan huy U trong cat két dat 100%,
luqng acid surfuric 10 ml duge dung dé
pha mau cho cic khdo sat khac.
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Bang 3. Piéu kién pha mau cta hén hop acid H;SO/HFHNO,

str owg SO HEomNo, wee o Sl YLD i Lz s T3 M
() (%) (%)

1 CK06-01 3 10 Al 250 2 01,0637 00616 00614 00614 00615 965

2 CK 06-02 10 10 40 250 2 0,0637 0,064 00635 00636 00637 100
3 CK06-03 15 10 40 250 2 0,0637 0,0635 00635 00641 0,0637 100
4 CK 06 -04 20 10 40 250 2 00637 00638 0,0632  0,0634 00637 100
S CK 06 - 03 25 10 40 250 2 00637 0,0636 0,0638 00637 00637 100

b) Khdo sar nhiét dp va thoi gian cia
quid trink phd méu

Tai nhiét d6 phan huy méau 200°C thi
thr gian 4 gid, mau mai phan hiy (Bang
4), tai nhiét do nay van chua du dé acid
sulfuric phan hily nén can nhiéu thai gian
cho qud trinh phin hiy miu. Khi ning
nhiét d6 1én dén 250°C va 300°C thi chi
can thoi gian 2h 1a dat hiéu qua thu héi
hoan toan. Véi nhiét d6 300°C, phan (mg

phdn hily miu xdy ra it manh, do & nhiét
do nay H;SO4 cling bi phdn huy va cac
acid HE/HNOj; bi bay hoi rat manh. Do d6
qué trinh phan huy mau kho khéng ché,
mau bi ban 1én thanh cbe rat nhiéu, rat kho
¢o rira. Do vy, dbi voi quing cat két, qua
trinh phan hiy mau & nhiét do 250°C/2h la
phi hop dé thu hdi hoan toan urani trong
méu phén tich v6i hidu qua tdi wu nhit.

Bang 4. Diéu kién pha mau U trong cat két & cac nhiét d6 va théi gian khac nhau

Ham
STT Mau WSO HE  HNO, Nhiftdg L:T :‘J";:i Lin1 Lin2 Lin3 B 1?.:1
(myy  (ml)  (ml) ('C} ) diu (%)

(%)
1 CKO6-06 10 10 40 200 1 00637 00575 00575 00575 00576 904
2 CKU6-07 10 0 40 200 2 00637 00604 00604 00605 00606 951
3 CKO06-08 10 10 40 200 3 00637 00624 00624 00629 00626 982
4 CKO6-09 10 0 40 200 4 00637 00635 00635  0.0631 00634 995
S CKO6-10 10 o 40 250 1 00637 00614 00611 00612 00612 96,
6 CKO6-11 10 0 an 250 2 00637 00630 00634 00635 00636 993
7 CKO06-12 10 0 40 250 3 00637 00633 00633 00639 00635 997
9 CKO6-14 1D 10 40 300 1 00637 00627 00624 00625 00626 982
10 CKO06-15 10 0 40 300 2 00637 00630 00634 00635 00636 998
Il CKO06-16 10 10 40 300 3 00637 00633 00633 00639 00635 97

3. Két qua phan tich thanh thao Quéc té

Phong thi nghiém st dung phuong
phap ICP-MS v6i quy trinh thuc nghiém
nhu phan II, muc 3, phéan tich U dé tham
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gia Chuong trinh phén tich thanh thao
Quédc té “Soils & Hazardous Waste PT
Scheme” vong 95 do ERA (M¥) t6 chire.
Mau phén tich la mau chuin No 620.



Két qué phin tich thanh thao Quéc té, U (ppm)
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Hinh 2. Biéu d6 két qua phan tich thanh thao Quéc té.

Hinh 3. Biéu do két qué phan tich thanh thao Quéc té Z Score.

Két qua tham gia phan tich thanh thao
Quéc té cho ham leong U 1a 116,64 ppm,
gid tri phé chuén clia mau la 110 ppm, gid
tri trung binh cua 31 PTN 1a 124 ppm, gia
tri Z Score 14 -0,689 nam trong khoang -2
dén +2, do d6, viéc ap dung phuong phap
ICP-MS sir dung quy trinh thyc nghiém

nhu phan II, muc 3 cho két qua phat hop
v6i cac PTN Quéc té.

Ti két qua tham gia Chuong trinh
phén tich thanh thao Qudc té cho chi tiéu
U cia PTN ICP-MS, Trung tdm Phén tich
Thi nghiém Xa-Hiém, Lién doan Pia chit
Xa-Hiém chimg t6 viéc nghién ciru phén
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hiy méu 14 dat yéu cdu va phin tich U
trén hé thong ICP-MS dat chat lugng
twong duong cac PTN trén thé gioi.

V. THAO LUAN

Qua trinh thyc hién dé tai da hop tac
rit tot v&i cac nha khoa hoc trong va
ngoai nudc va déu danh gia thiét bi IC P-
MS Agllent 7700x cé 46 nhay cao. do on
dinh tot cho gia tri phan tich tin cay dic
bi¢t tot voi cac nguyén té ning nhu U,
Th... Vi vy, can dua phuong phap phan
tich nay vao céc nghién ciru dia chat, moi
truong. ..

D6i v6i vige phan tich urani, thori
trong dat, d4 c¢6 thé sir dung Quy trinh
phén tich urani, thori trong quang trén hé
thiét bi ICP-MS Agilent 7700x cho két
qué tot, cu thé qua Chuong trinh phan tich
thanh thao Quée té, mau chudn No 620 1a
mau dét da khi phan tich U cho cho két
qua twong dong vai cac PTN Quoc té.

Ngoai ra cdn tan dung cic tién dé duge
tao ra tir dé tai nay cin xdy dung nhanh
cac phuong phap phan tich cac nguyén t6
¢6 ham luong thap, vét dé phuc vu cho
nhu cau cta nganh dia chat, moi trudng. ..

VI. KET LUAN

Qué trinh phd mau anh hwéng lém kLt
qua phan tich ham legng U trong mau,
d6i véi quing cat ket U thi sir dung hén
hop acid dé pha mau la phuong phép
thich hop cho qua trinh xac dinh U bang
[CP-MS. Hf)n hop acid duge s dung
tron;, pha méu la HySO4/HF/HNOs;, trong
do6 co acid HF dé boc bay silicat va silic,
ty 1& toi wu ciha hdén hop acid
H;SO/HF/HNO; t6i wu la 1/1/4, tinh theo
thé tich céc acid dd pha lodng bang nude
¢it theo ty 1& 1/1. nhiét do phén hﬁy la
250°C va thoi gian phén huy la 2 gio, hi¢u
suat pha mau U trong cat két dat 100%.

Két qua phan tich U thco quy trinh nay
¢6 chat lwgng nhu cac PTN tién tién thong
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qua Chuong trinh phan tich thanh thao
Québe té.

Léi cam on: Bai bao nay duge hoan
thanh véi sy trg giap vé kinh phi ciia Dé
1’\1 “Ns_hlen clru co sd khoa hoc va thue
tién dé xay dimg cac quy trinh phan tich
cac nhom nguyén td urani. thori va dit
hiém trong dat, da, nudce trén hé thiét bi
ICP-MS Agilent 7700x™.
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SUMMARY
Method study on uranium determining in sandstone by ICP-MS

D6 Quoc Hing, Hoang Vin Diing,

Neuyén Manh Hung, Duong Dtic Lam, Lé Thi Mai Huong

To evaluate the content of uranium in Nong Son sandstone, the [CP-MS method is
commonly used to determine the U content in ore. However, Nong Son sandstone ore
consists of silicon minerals, so to determine the exact content of U in it, the optimum
breaking method is the use of HF, H,SO; and HNO;, In that HF to evaporate silicon
and the other two acids as a oxidizing agents. The optimum ratio of H2SO4/HF/HNO;
is (1/1/4, by volume) at 2 hr and temperature is 250°C. The results of the analysis of U
in the sample werc compared with the results of the world-class "Soils & Hazardous
Waste PT Scheme” round 95 conducted by the ERA (USA) origination and reached -

0.682 value in the range of -2 to +2.

Keywords: 1CP-MS, U, Nong Son sandstone, decomposition U ore.
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